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DETAILED ACTION 
Claim Rejections - 35 USC § 102 

1 . The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed 
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for 
patent by another filed in the United States before the invention by the applicant for patent, except that an 
international application filed under the treaty defined in section 351(a) shall have the effects for purposes of this 
subsection of an application filed in the United States only if the international application designated the United 
States and was published under Article 21(2) of such treaty in the English language. 

2. Claims 1-6, 9, 21-22, 29-31, 35, 37, 41 and 42 are rejected under 35 U.S.C. 102(e) as 
being anticipated by Huang et al. (US 2004/0198038). 

In re claims 1, 29, 37, Huang et al. teach the claimed method for forming a filled trench 
in a semiconductor layer of a semiconductor substrate, with the effect of trench voids minimized, 
the method comprising the steps of: 

• forming a trench 105 in the semiconductor layer 100 {silicon, paragraph [0030]) 
through a first face (i.e. the top surface of the semiconductor layer 100) thereof, the 
trench defining an open mouth (Fig.4B); 

• relieving the trench 105 adjacent the open mouth thereof for preventing the 
commencement of bridging of the trench 100 (i.e. relieving the trench 105 by 
rounding the upper corner of the trench 105 to form a tapered edge 110 and thus to 
form a relieved trench 105a, Fig.4E) with a filling material 118 (Fig.4H) at a level 
adjacent the first face of the semiconductor layer 100 as the relieved trench 105a 
being filled; and 
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• filling the relieved trench 105a through the open mouth with the filling material 118 
(Fig.4H) 5 wherein the filling material is silicon oxide (paragraph [0039]). 

In re claim 2, Huang et al. teach that the relieved trench 105a is sufficiently relieved for 
preventing commencement of bridging of the trench 105 with the filling material 1 18 at a level 
above a plane extending parallel to and below a plane to which the first face of the 
semiconductor layer to be finished (Fig.4H), i.e. the trench 105 is sufficiently relieved by 
forming the tapered corner 1 10 to form the relieved trench 105a for preventing commencement 
of bridging of the trench 105 with the filling material 118 being filled above and below the plane 
parallel to the top surface of the semiconductor layer 100. 

In re claim 3, Huang et al. teach that the trench 105 is relieved to form the relieved trench 
105a adjacent the open mouth thereof on one side (i.e. left side) of the trench 105 (Fig.4E). 

In re claim 4, Huang et al. teach that the trench 105 is relieved to form the relieved trench 
105a adjacent the open mouth thereof on respective opposite side (i.e. right side) of the trench 
105 (Fig.4E). 

In re claims 5, 31 and 35, Huang et al. teach that the trench 105a is lined with at least one 
lining layer 1 16 formed therein with a lining material (i.e. a thermally grown oxide, paragraph 
[0038]) prior to filling the trench 105a (Fig.4G). 

In re claim 6, Huang et al. teach that the trench 105 is relieved by relieving at least one of the 
lining layers adjacent the open mouth of the trench 105a (Fig.4G) 5 i.e. trench 105 is relieved by 
forming the relieved trench 105a and by relieving the lining layer 1 16 via forming the lining 
layer 1 16 on the relieved trench 105a adjacent the open mouth of the trench 105. 
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In re claim 9, Huang et al. teach that the trench 105 is relieved by forming the relieved trench 
105a prior to lining the relieved trench 105a with the lining layer 1 16 (Figs.4F-4G). 

In re claims 21 and 22, Huang et al teach that the trench 105 is relieved by RIE etching 
(paragraph [0036]). 

In re claim 30, Huang et al. teach that the filling material 1 18 is deposited by chemical vapor 
deposition (paragraph [0039]). 

In re claim 41, Huang et al. teach a semiconductor substrate comprising a semiconductor 
layer 100 having a first face (i.e. top surface) and a filled trench 105a/l 18 extending into the 
semiconductor layer 100 through the first face thereof, the relieved trench 105a defining an open 
mouth and having been relieved adjacent the open mouth prior to filling of the relieved trench 
105a with a filling material 1 18 for preventing the commencement of bridging of the trench with 
filling material 1 18 at a level adjacent the first face of the semiconductor layer as the relieved 
trench 105a being filled therewith (Figs. 4B-4H). 

In re claim 42, Huang et al. also teach the claimed semiconductor substrate, comprising: 

• a semiconductor layer 100 having a first face (top surface); 

• a filled trench 105a extending into the semiconductor layer 100 through the first face 
thereof, the trench 105a defining an open mouth and having been relieved adjacent 
the open mouth prior to filling of the trench 105a with a filling material 1 1 8 for 
preventing the commencement of bridging of the trench 105a with filling material 

1 1 8 at a level adjacent the first face of the semiconductor layer 1 10 as the trench 105a 
being filled therewith. 
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3. Claims 1,18 and 19 are rejected under 35 U.S.C. 102(e) as being anticipated by 
Murakami et al. (US 6,081,662). 

In re claim 1, Murakami et al. teach the claimed method for forming a filled trench in a 
semiconductor layer of a semiconductor substrate, with the effect of trench voids minimized, the 
method comprising the steps of: 

• forming a trench 18 in the semiconductor layer 1 (silicon, col. 15, line 28 ) through a 
first face (i.e. the top surface of the semiconductor layer 1) thereof, the trench 
defining an open mouth (Fig.26B); 

• relieving the trench 1 8 adjacent the open mouth thereof for preventing the 
commencement of bridging of the trench 18 (i.e. relieving the trench 18 by first 
forming the recessed corner 17 of the trench 18 to form a tapered edge 17 and thus to 
form a relieved trench 17/18, Fig.26B) with a filling material 8 at a level adjacent the 
first face of the semiconductor layer 1 as the relieved trench 17/18 being filled; and 

• filling the relieved trench 17/18 through the open mouth with the filling material 8 
(Fig.27A), wherein the filling material 8 is silicon oxide or silicon nitride (col. 14, 
lines 2-4). 

In re claim 18, Murakami et al. teach that the each side of the trench 18 which is relieved is 
relieved by forming a relieving recess 17 into the first surface of the semiconductor layer 1 
adjacent to and communicating with the trench 18 adjacent to the open mouth (Fig.26B). 

In re claim 19, Murakami et al. teach that the relieving recess 17 is concave when viewed in a 
direction into the trench 18 (Fig.26B). 
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4. Claims i 5 5, 10, 1 1, 26, 29, 32 and 35 are rejected under 35 U.S.C. 102(e) as being 
anticipated by Wieczorek et al. (US 6,812,1 15). 

In re claims 1 and 29, Wieczorek et al. teach the claimed method for forming a filled 
trench in a semiconductor layer of a semiconductor substrate, with the effect of trench voids 
minimized, the method comprising the steps of: 

• forming a trench 304 in the semiconductor layer 301/302/303 through a first face (i.e. 
the top surface of the semiconductor layer 301/302/303) thereof, the trench 304 
defining an open mouth (Fig.3b); 

• relieving the trench 304 adjacent the open mouth thereof for preventing the 
commencement of bridging of the trench 304 (i.e. relieving the trench 304 by 
forming a tapered sidewall portion, Fig.3b) with a filling material 306 (Fig.3f) at a 
level adjacent the first face of the semiconductor layer 301/302/303 (Fig.3g) as the 
relieved trench 304 being filled; and 

• filling the trench 304 through the open mouth with the filling material 306 (Fig.3g, 
wherein the filling material 306 is silicon oxide (col.8, lines 18-19 and col.l, lines 20- 
21). 

In re claim 5, Wieczorek et al. teach that the trench 304 is lined with at least one lining layer 
320 formed therein with a lining material (silicon oxide) prior to filling the trench 304 (Fig.3d). 

In re claim 10, Wieczorek et al. teach that the trench 304 is relieved to a depth from the open 
mouth in the range of 400-500 nm or 0.4-0.5 jam (col. 7, lines 46-48 and col. 2, lines 11-12). 

In re claim 11, Wieczorek et al. teach that each side of the trench 304 which is relieved is 
relieved by tapering a portion of the side of the trench adjacent the open mouth (Fig.3b), each 
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tapered portion defining a tapering plane which converges towards the other side in a direction 
into the trench. 

In re claim 26, Wieczorek et al. teach that first face (the top surface) of the semiconductor 
layer 301/302/303 adjacent the trench 304 is lined with the lining material 320 during lining of 
the trench 304 with at least one of the lining layers 320/330 (Fig.3d). 

In re claim 32, Wieczorek et al. teach that at least one 320 of the lining layers 320/330 is a 
deposited layer (col. 7, lines 54-55). 

In re claim 35, Wieczorek et al. teach that at least one 330 of the lining layers 320/330 is a 
thermally grown layer (col. 7, lines 50-52). 

5. Claims 1, 5, 7, 8, 12-14, 20, 26-29, 35 are rejected under 35 U.S.C. 102(e) as being 
anticipated by Joo (US 6,544,861). 

In re claims 1 and 29, Joo teaches the claimed method for forming a filled trench in a 
semiconductor layer of a semiconductor substrate, with the effect of trench voids minimized, the 
method comprising the steps of: 

• forming a trench 1 80 in the semiconductor layer 100/160 through a first face (i.e. the 
top surface of the semiconductor layer 100/160 thereof, the trench 1 80 defining an 
open mouth (Fig. 4); 

• relieving the trench 1 80 adjacent the open mouth thereof for preventing the 
commencement of bridging of the trench 180 (i.e. relieving the trench 180 by first 
forming a lining layer 220 in the trench (Fig. 5) and then etching a portion of the 
lining layer 220 to form a tapered sidewall on the entire trench depth, as shown in 
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Fig.6) with a filling material 280 (Fig.9) at a level adjacent the first face of the 
semiconductor layer 100/160 as the relieved trench being filled; and 
• filling the trench 180 through the open mouth with the filling material 280 (Fig.9), 
wherein the filling material 280 is an oxide (col., 5, last line through col. 6, line 1). 
In re claim 5, Joo teaches that the trench 180 is lined with at least one lining layer 260 
formed therein with a lining material prior to filling the trench (Fig.8). 

In re claim 7, Joo teaches that the trench 180 is relieved at least the lining layer 220 first 
formed in the trench 180 (Fig.5) prior to relieving the trench by forming the tapered sidewall 
portion 240a (Fig.6). 

In re claim 8, Joo teaches that the trench 180 is relieved by relieving at least one of the lining 
layers 200/220 formed after the first 200 of the lining layers 200/220 to be formed (Fig.5). 

In re claims 12-14, Joo teaches that the tapering plane defined by each tapered portion 
240a/240b defines with a central plane bisecting the trench and extending longitudinally along 
the trench thorough the open mouth a relief angle in the range of at least larger than 0.2° (claim 
12) or 4 0 (claim 13) or 6° (claim 14), as shown in Fig. 6. 

In re claim 20, Joo teaches that each side of the trench which is relieved is relieved along the 
entire length of the trench, i.e. relieving the trench 180 by forming the tapering portions 
240a/240b on the sidewall of the trench 180 (Fig.6), wherein the tapering portions 240a/240b are 
formed along the entire length of the trench 180 (Fig.6). 

In re claim 26, Joo teaches that first face (the top surface) of the semiconductor layer 100/160 
adjacent the trench 180 is lined with the lining material 260 (Fig.8) during lining of the trench 
with at least one 260 of the lining layers 200a/240a/260 (Fig.8). 
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In re claim 27, Joo teaches that the filling material 280 and the lining material 260 above the 
first face of the semiconductor layer 100/160 are thinned to a level just above the first face (i.e. 
the top surface) of the semiconductor layer 100/160 (Fig. 10). 

In re claim 28, Joo teaches that the filling material 280 and the lining material 260 above the 
first face of the semiconductor layer 100/160 are removed to a level coplanar with the first face 
(i.e. the top surface) of the semiconductor layer 100/160 (Fig. 10). 

In re claim 35, Joo teaches that at least one 200 of the lining layers 200/220 is a thermally 
grown layer (col.4, line 55). 

Claim Rejections - 35 USC § 103 

6. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

7. Claims 36 is rejected under 35 U.S.C. 103(a) as being unpatentable over Joo (US '861) in 
view of Dong et al. (US 2004/0102005). 

In re claim 36, Joo does not teach that at least one of the lining layers is densified prior to 
filling of the trench with the filling material. 

Dong et al., in an analogous art, teach densifying the deposited lining layer 20 (paragraph 
0021]) prior to filling of the trench 18 with the filling material 22. 

Therefore, it would have been obvious to one of the ordinary skill in the art, at the time of the 
invention was made, to density the deposited lining layer 240a of Joo, as taught by Dong et al., 
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prior to filling the filling material 280 in the relieved trench, since by this manner it would 
provide a better tapered profile in the trench. 

8. Claims 33 and 34 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Wieczorek et al. (US ' 1 15) in view of Chu (US 6,180,493). 

In re claim 33, Wieczorek et al. teach that the trench 304 is lined with the lining layer 320 
(silicon oxide) prior to filling the trench 304 (Fig.3d) but do not teach that the lining layer is 
deposited by a TEOS deposition process. 

Chu, in an analogous art, teaches forming a TEOS silicon oxide as the lining layer 212 
(Fig.2C and col. 4, lines 40-45) in the trench 208 prior to filling the trench 208 with a filling 
material 216. 

Therefore, it would have been obvious to one of the ordinary skill in the art, at the time of the 
invention was made, to utilize the TEOS process, as taught by Chu, for forming the lining layer 
of Wieczorek et al., since by this manner it would form the lining layer with good adhesion 
between the trench and the filling material. 

In re claim 34, Wieczorek et al. in view of teach that the lining layer is deposited by a high 
conformality deposition process because the TEOS-silicon- oxide-lining layer 212 of Chu is 
conformally deposited over the underlying structure (Fig.2C) and the silicon-oxide lining layer 
320 of Wieczorek etal. isaconformal layer (col. 7, lines 60-62). 

9. Claim 38 is rejected under 35 U.S.C. 103(a) as being unpatentable over Huang et al. (US 
s 038) in view of Balasubramanian et al. (US 6,468,853). 

Huang et al. teach that the semiconductor layer 100 is a silicon but do not disclose it is a 
single crystal silicon. 
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Balasubramanian et al., in an analogous art, teach using single crystal silicon as the 
semiconductor layer 10 (col. 2, lines 47-48) followed by forming a trench 18 in the 
semiconductor layer 10; forming a lining layer 20 in the trench 18 and filling the trench 18 with a 
filling material 28. 

Therefore, it would have been obvious to one of the ordinary skill in the art, at the time of 
the invention was made, to use the single crystal silicon, as taught by Balasubramanian et al., as 
the semiconductor layer of Huang et al., since by this manner it would form a satisfactory trench 
isolation structure. 

Allowable Subject Matter 

10. Claims 15-17, 23-25, 39-40 are objected to as being dependent upon a rejected base 
claim, but would be allowable if rewritten in independent form including all of the limitations of 
the base claim and any intervening claims. 

1 1 . The following is a statement of reasons for the indication of allowable subject matter: 
The prior art of record, either alone or combination, at least neither teaches nor suggests 

that each tapered portion defines at least two tapering planes defining respective different relief 
angles with the central plane (claim 15); the parameters of the RIE etch are controlled for 
minimizing the depth of scallops formed by the RIE etch (claim 23); the parameters of the 
etching process are ramped during the etching process for relieving the trench (claim 24); and the 
semiconductor substrate is a semiconductor layer of a semiconductor on insulator structure 
(claim 39). 
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12. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Hsien-ming Lee whose telephone number is 571-272-1863. The 
examiner can normally be reached on Tuesday-Thursday (8:00 ~ 6:00). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Olik Chaudhuri can be reached on 571-272-1855. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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Primary Examiner 
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